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ABSTRACT 



Context. The members of the r\ Chamaleontis cluster are in an evolutionary stage in which disks are rapidly evolving. It also presents 
some peculiarities, such as the large fraction of binaries and accretion disks, probably related with the cluster formation process. Its 
proximity makes this stellar group an ideal target for studying the relation between X-ray emission and those stellar parameters. 
Aims. The main objective of this work is to determine general X-ray properties of the cluster members in terms of coronal temperature, 
column density, emission measure, X-ray luminosity and variability. We also aim to establish the relation between the X-ray luminosity 
of these stars and other stellar parameters, such as effective temperature, binarity, and presence of accretion disks. Finally, a study of 
flare energies for each flare event detected during the observations and their relation with some stellar parameters is also performed. 
Methods. We used proprietary data from a deep XMM-Newton EPIC observation pointed at the core of the 77 Chamaleontis cluster. 
Specific software for the reduction of XMM-Newton data was used for the analysis of our observation. For the detection of sources in 
the composed EPIC pn+mos image, we used the wavelet-based code PWDetect. General coronal properties were derived from plasma 
model fitting. X-ray light curves in the 0.3-8.0 keV energy range were generated for each star. 

Results. We determined coronal properties and variability of the n Chamaleontis members in the XMM-Newton EPIC field-of-view. 
A total of six flare-like events were clearly detected in five different stars. For them, we derived coronal properties during the flare 
events and pseudo-quiescent state separately. In our observations, stars that underwent a flare event have higher X-ray luminosities 
in the pseudo-quiescent state than cluster members with similar spectral type with no indications of flaring, independently whether 
they have an accretion disk or not. Observed flare energies are typical of both pre-main- and main-sequence M stars. We detected no 
difference between flare energies of stars with and without an accretion disk. 



Key words. Galaxy: open clusters and associations: individual (n Chamaleontis) - 
flare - X-ray: stars 
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1. Introduction 

The 77 Chamaleontis cluster (hereafter 77 Chamaleontis), named 
after the eponymous B8V star 77 Cha, was discovered by 
iMamaiek et aTJ d!999h using ROSAT data. The authors pro- 
posed 13 members, twelve of them being X-ray sources. Later, 
they i nvestigated main properties of the sources (Mamaiek et al. 
2000) and established a connection between the 77 C hamaleontis 
cluste r and the e Chamaleontis stellar association (Frin ket all 
1998). They are part of a number of nearly coeval stellar groups 
that includes the TW Hya association and that probably had 
their origin in the m olecular complex Scorpius-Centaurus (see 
Mamaiek et al. 2000). Its proximity and low stellar density con- 
verts the 77 Chamaleontis in an unique scenario in the solar vicin- 
ity. 

With an age of 6-8 Myr, 77 Chamaleontis presents some par- 
ticularities. Its members are in an evolutionary stage in which 
disks are rapidly evolving (see Table [ D and can provide fur- 
ther constraints on inner disk lifetimes dHaisch et al.ll2005l) . It 



* This publication makes use of data products from the Two 
Micron All Sky Survey, which is a joint project of the University 
of Massachusetts and the Infrared Processing and Analysis 
Center/California Institute of Technology, funded by the National 
Aeronautics and Space Administration and the National Science 
Foundation. 



has been found that several cluster members are in fast tran- 
sition from classical T-Tauri stars (CTTS-like) t o debris disks 
dMegeathet all 120051: ISicilia-Aguilar et all l2009h . Besides, the 
binary fraction observed in the cluster is twice h igher than that 
found for field stars and dense clusters dLvo et all 2004). but sim- 
ilar to the binary fraction in Taurus. This result may suggest that 
there is a relation between the binary fraction and the stellar den- 
sity of star-forming regions. Some stu dies of the Initial Mass 
Function (IMF) of 77 Chamaleontis (e.g. lMoraux et al.ll2007l) re- 
veal that the cluster mass function sho ws a deficit of low mass 
stars and brown dwarfs. Nevertheless. iLuhmanl 12004) indicates 
that other low-mass star-forming regions as Taurus have very 
few or none brown dwarfs in stellar samples of the size of 
77 Chamaleontis. However, the deficit of low mass stars in the 
cluster is still not well-known. iMoraux et alJ d2007l) . using nu- 
merical simulations, concluded that the IMF is typical of clus- 
ters formed from a compact configuration and that dynamical 
interactions can result in the lost of the original cluster mem- 
bers. For the age of 77 Chamaleontis, those stars ejected in the 
early phases of the cluster formation might reach distances of 6 
to 10 pc from the cluster center. Thus, one should look for these 
ejected members at angular distances up to 5 degrees from the 
core of the cluster. T his scenario has been recently validated by 
iMurphv et al.1 (l2010t) . who identified four new probable cluster 
members and three possible members. With this new four stars, 
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Table 1. Spectral type, binarity and disk properties of r\ 
Chamaleontis members in the XMM-Newton field of view. 



Source 


RECX 


Sp.T.* 


Binarity** 


Disk type T 


kogi-bol 1 
(ergs -1 ) 


^Cha 


2 


B8 


1 


debris 


35.5 


EHCha 


3 


M3 




TO 


32.7 


ElCha 


4 


Ml 




TO 


32.9 


EK Cha 


5 


M4 




TO 


32.6 


ELCha 


6 


M3 






32.7 


EM Cha 


7 


K6 


K6.9+M1.0 




33.4 


RS Cha 


8 


A7 + A8 


eclipsing 




34.9 


EN Cha 


9 


M4 


M4.4 + M4.7 


TO 


32.6 


EO Cha 


10 


MO 






33.2 


EP Cha 


1 1 


K6 




class II 


33.4 


EQCha 


12 


M3 


M3.2+M3.2: 




32.7 


HD 75505 


13 


Al 






35.1 


ESCha 


14 


M5 




TO 


32.1 


ET Cha 


15 


M3 




class II 


32.7 



Notes. w iTorres et al.H2008h . ( " ) ISicilia-Aguilar et all d2009h . deter- 
mined from lLvoetaLN2004l) . (+) ISicilia-Aguilar et alJ 12009^ 10 are 
transitional disk objects. ® Luminositie s determined from the spectral 
type, assuming an age of 6 Myr and the lSiessTt ID H000)'s pre-main- 
sequence model. 



the c ensus of known c luster members grows up to twenty two 

(see lTorres et al.ll2008l for a re cent review). 

The proximity (d w 97 pc; Mamaie k et al] [19991) and prop- 
erties of j] Chamaleontis converts this cluster in an ideal target 
for pointed X-ray observations. In this paper, we present a de- 
tailed study of the X-ray properties of cluster members based 
on a new deep XMM-Newton observation. Details of this obser- 
vation are presented in Section [2] together with the data reduc- 
tion plan. In Section 13.11 we derive general coronal properties 
and treat to relate them with other stellar properties as binarity 
and the presence of accretion disks. X-ray variability (including 
flare-like variability) is studied in Section l3~2l In that section, we 
also investigate the relation between flare energies and different 
stellar parameters. Section[4]is dedicated to other possible mem- 
bers in the field-of-view of our observation. Notes on particular 
sources are given in Section [5] Finally, in Section [6] we briefly 
summarize the main results of this work. 

2. X-ray observation and data reduction 

Our XMM-Newton observation of the 77 Chamaleontis cluster (id. 
0605950101) was performed on a single exposure of 48.3 ks on 
June 2009. The EPIC was used in Full Frame mode with the 
Thick filter to reduce the contamination of the X-ray signal by 
visible and UV radiation. The effective exposure time of the ob- 
servation was 46.4 ks in the EPIC-pn and 48.0 ks in the EPIC- 
mos. We performed a standard reduction using the version 9 of 
the specific XMM-Newton reduction package SAS. The observa- 
tion was not affected by background flaring events and therefore, 
no time was lost by high X-ray variable background. For our 
study, we used a good-time-intervals events file, i.e cleaned for 
bad events and pixels and noise. The image shown in Fig. Q] was 
created by constructing a combined EPIC-pn+mos image using 
the task EMOSAIC of the SAS. EPIC images were first indi- 
vidually corrected for the quantum efficiency, filter transmission 
and mirror vignetting by dividing by the exposure maps obtained 
with the routine EEXMAP. 

A modified version of the PWDetect code (Da miani et alJ 

Il997h was used for the detection of sources in the 0.3-7.5 keV 
energy band. We chose the detection threshold SNR = 5, which 
corresponds to one possible spurious detection in each field, 
as obtained from our simulations of the background in XMM- 
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Fig. 1. EPIC-pn and mos mosaic of the rj Chamaleontis clus- 
ter. Known members of the cluster are marked with a circle and 
identified with its RECX number. The two members not detected 
in X-rays (rj Cha and HD 75505) are identified with their most 
common name instead of their RECX identification (RECX 2 
and RECX 13, respectively). 



Newton^. With this threshold, a total of 86 sources were detected 
in the combined EPIC-pn and mos image. A direct visual inspec- 
tion allowed us to discard 7 multiple detections (sources detected 
more than once by the detection algorithm) plus two spurious 
detections in the detector borders. The complete list of source 
detections is given in Table IA.1I For each source, we give its 
position, significance of the detection, observed count-rate and 
flux. This flux was determined by converting observed fluxes 
in photons cirT 2 s _I to ergcirr 2 s~' using the conversion factor 
CF = 1.5 +0.2x 10~ 9 ergpfr 1 . This factor was determined from 
the spectral fitting of the known rj Chamaleontis members (see 
Section [XT). Note that these fluxes are merely indicative. Most 
of the detected sources are Active Galactic Nuclei instead of stel- 
lar coronae. To check this fact, we suggest the reader to compare 
the fluxes determined for cluster members using the conversion 
factor (Table [AT} with the fluxes obtained from the spectral fit- 
ting (Table©. 

The value used by us as detection threshold corresponds to a 
source count-rate limit of completeness CR = 5.5 + 1.5 x 10~ 4 
s _1 in the EPIC energy band. Assuming a typical corona with 
kT ~ 0.5 - 1 keV, this count-rate corresponds to a flux fx ~ 
1 - 3xl0~ 15 erg cirT 2 s _I , or Lx ~ 2x 10 27 erg s _I at a distance of 
100 pc (an upper limit to the distance of cluster members). This 
assures us that all the cluster members emitting in X-rays have 
been detected. Compared to observations of other clusters and 
star-forming regions, our observation is one order of magnitude 
deeper in X-ray luminosities. 

In Fig. [JJwe mark with a circle the position of the known 
cluster members in the field of view of our observation. Note 



1 We acknowledge Dr. I. Pillitteri for his help with the XMM-Newton 
background simulations 
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that two of them were not detected: the B star n Cha and the A 
star HD 75505 (see Section|5]for details). 



3. General X-ray properties of r\ Chamaleontis 
members 

3. 1 . General properties 

The fourteen known cluster members in the EPIC field of 
view include three early-type stars: n Cha (B8 V), HD 75505 
(AOV), and RS Cha (A7V) and 11 Li-rich, H a emission-line 
late-type (K6-M5) stars. The first X-ray character ization of 
this region was performed by Mamai ek et alJ (Q999) based on 
pointed ROSAT-HK1 [0.1-2.4 keV] broadband observations (see 
SectionQ]for details). Unfortunately, those observations did not 
allow the authors to perform a complete spectral characteriza- 
tion of the detec ted sources, due to the limited spectral response 
of the HRI (see iMamaiek et aT]|2000l) . With the XMM-Newton 
[0.3-10 keV] observation, we are able to give parameters of the 
hot plasma by fitting plasma models to the X-ray spectrum of 
each star. 

It is important to note here that, for our study, we assume 
that all the X-ray emission comes from the (hot) coronal plasma. 
This is basically correct for non-accreting stars. However, it has 
been demonstrated that accretion shocks generate dense, rela- 
tively hot plasma that emits i n very soft X-rays (e.g. lSacco et al.l 
2008: lBrickhouse et al.l2010b . Its contribution to the overall stel- 
lar X-ray emission is negligible in medium and hard X-rays 
(kT > 0.5 keV). But, when the accretion rate is high (of the or- 
der of ~ 10~ 10 M yr~'), the X-ray luminosity from the shocked 
plasma is of the same order of ma gnitude than the typical X-ray 
luminosity of a T Tauri star (see lSacco et al.ll2~008l) . Of the four 
accreting stars in ou r sample, only one (RECX 15) shows a high 
accretion rate (e.g. Sici lia-Aguilar et aUl2009l) . Nevertheless, it 
is highly absorbed in soft X-rays (see Tableland discussion be- 
low). Thus, the contribution of X-rays produced by the accretion 
to its spectrum is presumably very low, although high resolution 
observations are needed to investigate this fact. 

The EPIC spectra - integrated for the whole exposure - were 
analyzed using a 2T-temperature model. In some cases, a third 
temperature was added to obtain a robust fit at hard (i.e. above 2 
keV) X-ray energies. We note here that the stars for which a 3-T 
model was used underwent flare-like events during the exposure 
(see Section [3~2l i. For them, we performed a more detailed study 
separating the quiescent from the flare state. The results of this 
study are shown in Tableland in Section [3~2l For the fit, we used 
the A strophysical Plasma Emission Code (APEC, Smit h et alJ 
l2001ah which i s inc luded in the XSPEC spectral fitting package 
dArnaudfl9%l l2004). APEC is a routine that generates spec- 
tral models for hot (optically thin) plasmas using the atomic 
data co ntained in the Astro physical Plasma Emission Database 
(APED. ISmith et alj2001bl) . We added a multiplicative interstel- 
lar ^absorgtiojijri^d^ljriJf^EC^in particular the one described 
m M orrison & McCammon ( 1983) - to account for possible ab- 
sorption due to interstellar and/or circumstellar material (for a 
more detailed description of the m ethod we refer the reader to 
Lopez-Santiago & Caballero 2008). 

Best-fit parameters for the chosen models were found by 
X 2 minimization and are shown in Fig. I A. 1 1 A word of cau- 
tion is necessary here: the resulting fits as given below are 
merely formal and indicative. A 2-T model fitting to an ob- 
served coronal spectrum does not mean that we have to deal 
with two different plasmas at two different temperatures. In gen- 
eral, the coronal plasma exhibits a temperature gradient that 



can not be studied using low-resolution X-ray spectra (although 
see Robra de & Schmittll2005l) . Nevertheless, it has been shown 
that the dual-temperature nature of the fits may represent an 
intrinsic property of the coronal spectra of moderately active 
late-K and M stars ]is7hmitt et alJ fl990l: iBriggs & Pvel 120031: 
lLopez-Santiago et ail 2007b . In this scenario, the third (higher) 
temperature required to fit the hard tail of the X-ray spectrum is 
though to be present only during flare-like events. In most cases, 
a successful 1-T model fitting is a mere reflection of a lack of 
information due to the low statistics (i.e. count-rate) of many 
sources. 

In Table|2]we give details on the best-fit parameters for each 
star. As a goodness-of-fit test, we give the reduced \ 2 ar, d de- 
grees of freedom (d.o.f.) used for the fit. Unabsorbed fluxes in 
the energy band 0.3-8.0 keV are also given. Finally, the X-ray 
luminosities listed in the table were determined using the same 
distance for all the stars (d = 97 pc). It is noticeable that our 
luminosities ar e 0.2- 0.3 dex smaller than those determined by 
IMamaiek etail d2000h in a smaller energy range, except for EN 
Cha (RECX 9) and EP Cha (RECX 1 1) that underwent long du- 
ration flares during our exposure (see Section [3~2l and Fig. lA.2l >. 
Nevertheless, it must be said that the authors could not perform 
model fitting to thei r data because of the p oor spectral response 
of the ROSAT-HRl. IMamaiek etail d2000l) then used a conver- 
sion factor to derive X-ray fluxes from the observed count-rates. 
Besides, they could not correct the observed fluxes for absorp- 
tion. Taking all these factors into account, their estimations of 
the X-ray luminosities of the n Chamaleontis members were 
quite reasonable. 

The results presented in Table [2] about the coronal tempera- 
ture should be interpreted with caution, since different effects are 
contributing to the X-ray spectra. On average, the corona of the 
stars showing no flares during our observation are parametrized 
by a 2T-model with temperatures k7"i « 0.30 keV and k^ ~ 
0.95 keV. For stars that underwent a flare during the exposure, a 
third (hotter) component needs to be added to the model. For the 
two stars with lower count-rates (i.e. lower statistics), in which a 
IT- model was used, the temperature obtained from the fit rep- 
resents a mean value between kT\ and kr?, weighted by the 
emissi on m easure. We refer the re ader to lLopez-Sant iago et al. 
(120071) and [Caballero et al. (20101) for a more detailed discus- 
sion on this issue. These results suggest that the X-ray spectrum 
of these stars during their quiescent state can be parametrized 
by a plasma model typical of both main- and pre-main-sequence 
stars. Only the star EN Cha (RECX 9) deviates from this trend 
(kTi « 0.77 keV, kT 2 « 2.22 keV). The reason is likely that 
its X-ray spectrum is highly absorbed (at longer wavelengths) 
due to the presence of a circumstellar disk (Sicilia-A guilar etail 
2009), rather than it is caused by high X-ray emission produced 
during a flare-like event. Note that the star underwent a flare be- 
fore the beginning of the exposure while we observed only the 
decay phase (see Fig. IA.2I >. were the plasma is rapidly cooling. 
The spectral analysis of the known cluster members gave low 
mean column densities, with mean Nh = 4.6 x 10 20 crrT 2 , with 
typical deviation <x = 8.5 x 10 20 cirT 2 . The observed dispersion 
is due to the high Nh values found for the sources RECX 9 an d 
15. Both are well-known CTTS (e.g. lSicilia-Aguilar et al.l2 009). 

To investigate possible correlations between average X-ray 
luminosity and any stellar parameter, such as binarity, mass, or 
the presence of accretion disks, we used data from the literature 
(see Table [TJ. In Fig [2] we plot different symbols f or each ob- 
ject type (as classified bv lSicilia-Aguilar et al.ll2.009b : classical T 
Tauris (CTTSs, circles), transitional disk objects (TO, triangles), 
and weak-line T Tauris (WTTSs, squares). Filled symbols are 
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Table 2. Spectral parameters of known members 



RECX 




Wi 


kT 2 




EM X /EM 2 


EM X /EM, 


Z 


X 1 (d-o-f-) 


Unabsorbed fx 


logix 


logZ. x ** 




(xl() 21 crrT 2 ) 


(keV) 


(keV) 


(keV) 






(Z s ) 




(xlO" 13 ergcrrT 2 s" 1 ) 


(ergs -1 ) 


(erg s _I ) 


3 


00 +0J1 
u.uu 00 


0.63t« 












1.12(88) 


0.6S** 


28.9 


29.2 


4 


44+°- 12 

"•^-0.11 




96 +0 04 

-0.03 




0.92 






1.29(402) 


6.61™ 


29.9 


30.2 


5 


o oo +0 - 25 

u.uu 000 


27 +0 07 


074 +0.18 
u - '^-0.09 




1.30 




10 +006 

u - iu -0.03 


0.96(162) 


56+ 004 


28.8 


29.1 


6 


23 +0 - 22 




95+ 005 




0.88 




13 +004 

u --0.03 


0.93 (347) 


9 47+0 35 


29.4 


29.6 


7 


03+ 013 


33 +001 
U - J - -0.01 


94+ 05 

"■^-0.04 


2.08«;« 


0.75 


2.21 


19 +003 


1.03 (491) 


1U.JU_ 050 


30.1 


30.4 


8 


00 +01 ° 


26 +0 06 

" -0.03 


76 +0 os 


1.54+°;g 


0.87 


0.61 


26 +005 


1.28 (353) 


4 05 +0 - 39 

-0.31 


29.7 


29.9 


9 


9 QQ+0.24 


77+ 02 

"•"-0.04 


9 99+O.I8 
^ -0.18 




0.47 




30 +a13 


1.12(518) 


9 q-s+0.21 
-0.38 


29.5 


28.5 


10 


04 +019 

u ' u -0.04 


40 +ao ' > 

-0.04 


0.98!°;°* 




0.72 




15 +a04 

U - 1J -0.04 


0.92 (300) 


4 07+ - 39 

+- l "-0.31 


29.7 


30.0 


11 


06+ 001 

u.uu 001 




0.95!g;« 


9 59+O.45 
i - Ji -0^7 


0.90 


1.20 


021 +o.io 


1.20 (805) 


27 93+ 1 - 37 


30.5 


30.2 


12 


11 +0 ' 20 






2 90 +3M 

-0.99 


0.73 


2.45 


2 +o.io 

U-ZU -0.09 




10 90 +11 ° 


30.1 


30.2 


14* 
























15 


i 974-0.47 
l - A -0.52 


0.80^ 










04 +0 02 

u-u -0.02 


1.05 (64) 


31+0 07 

u ' JI -0.24 


28.8 





Notes. W The backgroun d subtracted spectrum of RECX 14 has only 67 counts. We failed any attempt of fitting a plasma model. < ** ) X-ray 
luminosities determined bvlMamaiek et afl ( l2OO0h in the 0. 1-2.0 ROSAT energy band. 



stars with flare events during our observations. For these stars, 
we plot also the X-ray luminosity in the pseudo-quiescent state 
(see Section l3.2.1l ). Large circles mark binary stars. The upper- 
limit symbol used for RECX 1 1 denotes that its quiescent-state 
X-ray emission is probably lower than that determined from our 
observations. Note that, for our study, we assumed the emission 
in the time-period 20 < t < 30 ks to be representative of the 
quiescent state of this star but this period is between two flare 
events (see Fig. IA.21 . No particular differences between the X- 
ray luminosity of binary and single stars or stars with and with- 
out an accretion disk is detected, although the sample is not 
large enough to extract any robust conclusion from this result. 
The typic al trend of decreasing X-ray luminosity with decreas- 
ing mass dPreibisch et al.ll2005h is observed. Nevertheless, the 
stars that underwent a flare during our observations have higher 
luminosities than stars with no flares, even when the contribu- 
tion of the flare is subtracted. Note that EQ Cha (RECX 12) very 
probably underwent a flare during the observations. A 3T-model 
with k7"3 = 2.90 keV was necessary for the fit (see Table |2j. 
This difference in the X-ray luminosities for stars with similar 
spectral types may be explained by an enhancement of the X-ray 
emission (quiescent) level before the flares occur. This expla- 
nation should be interpreted with caution, since the statistic in 
terms of number of stars is very poor. 



3.2. X-ray variability 

X-ray variabil i ty in time scale of days was reported by 
Mam aiek et aD (l2000l) for seven cluster members. The authors 
attributed this variability to flare-like events superposed on mod- 
erately variable emission, but the poor signal of those observa- 
tions prevented them to perform a quantitative analysis. In gen- 
eral, moderate variations in s cale of a few days are probably 
owed to rotational modulation ( Marino et al.l2003l) . Examples of 



Table 3. Characteristics of the variations of the rj Chamaleontis 
members. 



it are shown in Caballero et al. (2009) for the cr Orionis cluster 
and lFlaccomio et all d2005h for Orion. Flare-like events are usu- 
ally short in time (from a few minutes to a few hours) and imply a 
large release of energy. In young stars and particularly in T Tauri 
stars, they have been observed in a large variety of shapes (e.g. 
Favat a et al. 20 05t iFranciosini et al. 2007; Lopez-Santiago etaTI 
2010). The Chandra and, specially, the XMM-Newton missions 
due to its large collector area, are powerful to detect flaring 
events in stars. In this sense, our observation is suitable to de- 



Source 


RECX 


Ext. radius 
(arcsec) 


Time bin 

(s) 


Type 


Factor 


Flare dur. 
(ks) 


EH Cha 


3 


15 


1500 








EI Cha 


4 


15 


900 


Flare 


2.7 


>10 


EK Cha 


5 


15 


1200 








EL Cha 


6 


15 


900 


Flare 


2.6 


~4 


EM Cha 


7 


15 


900 


Variable 






RS Cha 


8 


10 


1000 


Flare 


1.8 


-20 


EN Cha 


9 


15 


900 


Flare 


>7.3 


>40 


EO Cha 


10 


23 


900 


Variable 






EPCha 


11 


32 


900 


Flare 


1.4/1.7 


-18/16 


EQ Cha 


12 


32 


1200 


Flare? 






ES Cha 


14 


8 


1200 








ET Cha 


15 


12 


1800 


Flare? 







tect short-time (< 30 minutes) and medium-time (several hours) 
variations. 

We extracted light curves from the EPIC-pn for the cluster 
members revealed in our observation, except for RECX 12, for 
which we used EPIC-mos since it was located in a gap between 
chips in the EPIC-pn. We chose a specific extraction radius for 
each source, depending on the position of the source at the de- 
tector, to avoid the lost of counts due to the degradation of the 
PSF towards the borders of the EPIC. A background region was 
chosen close to the source, in the same chip but far from other 
sources, and then subtracted from the source light curve. A dif- 
ferent time binning was also used for each source depending on 
the source count-rate. The resultant background-subtracted light 
curves are shown in Fig. IA.2l In Table [3] we give details on the 
parameters for the extraction of the light curves (extraction ra- 
dius and time binning), the type of variability detected and the 
count-rate increase factor during the flare in those stars in which 
a flare was clearly detected. We classified the type of variabil- 
ity as flare, when flare-like events where observed, or simply 
variable, for other types of variability. RECX 15 (ET Cha) is 
revealed above the background only in a small fraction of the 
exposure, around 30 ks from the beginning of the observation. 
We suspect this star underwent a flare an that its quiescent emis- 
sion is below the detection limit of this observation. 
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A7 K6 K8 MO M2 M4 M6 A7 K6 K 8 MO M2 M4 M6 

Spectral Type Spectral Type 

Fig. 2. X-ray luminosities of known members of 77 Chamaleontis in the energy band 0.3-8.0 keV. Circles are known classical T 
Tauri stars, triangles are transitional objects and squares are stars with no signatures of accretion disks. Filled symbols mark stars 
that underwent a flare during our observation. Binary systems are marked with a large circle. Note that RECX 12 was observed, 
probably, in flare state during the exposure but was not clearly detected in its light curve due to its low count-rate (see Section lXTT i. 



3.2.1. Flares 

During the exposure time, five stars showed clear flare activ- 
ity (see Fig. IA.21 i. Flares detected in our observation are not 
very intense in terms of count-rate enhancement (see Table |3J. 
Count-rate increase factors of approximately 2-3 were de- 
tected, except for EN Cha (RECX 9). These values are similar 
to those observed in the less energetic flare s detected in Taurus 
dFranciosini et al.l2007l) and in M f i eld stars ([kobrade & Schmitil 
l2005t lLopez-Santiago et al.l l2007t ICrespo-Chacon et al.ll2007l) . 
In this sense, flares detected in members of 77 Chamaleontis are 
similar to those observed in other M-type stars. 

We studied plasma parameters during the flares. In Table [4] 
we give the results of the fits of hot plasma models to the X-ray 
spectrum of the stars during the flare and the quiescent state for 
each star (assumed to be the characteristic level shown by the 
star previously to the flare, except for RECX 9, for which we 
used the last 6 ks of observation). As in the previous subsec- 
tion, for the fit we used the XSPEC spectral fitting package with 
the APED and the WABS model (see SectionEB- A lT-model 
was used for the quiescent state, except for RECX 4 and RECX 
11, for which it was necessary to add a second thermal com- 
ponent to fit the spectrum. Note that they are the sources with 
the higher mean count-rates. The goodness of the fit is given in 
the table as the reduced x 1 - F° r the flares, the fit was done af- 
ter subtracting the quiescent spectrum. An absorbed 1 T-model 
was then used, maintaining the same values of A^h and Z than 
for the quiescent state. Note that temperatures obtained here are 
mean values, since we are integrating the entire event. The X- 
ray luminosities for the quiescent and the flare given in Table [4] 
are corrected for absorption. A mean distance of 97 pc was used 
to transform fluxes to luminosities for each star. and log 
are, respectively, the X-ray luminosity and liberated energy dur- 
ing the flare event. Fluxes, luminosities and energies were deter- 
mined in the [0.3-8.0] energy band. Note that our results for the 



flare parameters are relative to the pseudo-quiescent level cho- 
sen for the analysis. In particular, RECX 9 is observed during 
a flare decay phase and we used the last 8 ks of exposure as its 
quiescent level. In general, the values obtained here for the flare 
energies are consistent with those found for members of Taurus 
(see below). 

Flare energies determined for our stars are typical of pre- 
main-sequence M stars. There seems to be none correlation with 
spectral-type, binarity or the presence of disks. The energy lib- 
erated during the flare in RECX 6 (the only star with no signs 
of disk among this group of stars showing flares) is one order of 
magnitude lower than for the others. However, this result is not 
determining because of the small sample we are using. We have 
comp ared our results w ith those obtained for the Taurus region 
bv lStelzer et al.l (120071) . In Fig. [3]we plot flare energies observed 
for the stars in our sample (triangles) compared with those in the 
XMM-Newton Extended Survey of the Taurus molecular cloud 
(XEST; plusses). Filled triangles and large symbols are used to 
mark stars with disks in our sample and the XEST one, respec- 
tively. Except for RECX 6 (with a flare energy log Ef\ are [erg] = 
32.6), the stars in our sample show flare energies similar to those 
in the XEST with the same spectral type. No difference between 
stars with and without disk is observed. The stars ma rked with a 
circle in Fig. [3] are classified as classical T Tauri in iGiidel et al.l 
(2007) and the stars marked with a square are embedded stars. 



3.2.2. X-ray emission modulation 

Six stars in our sample showed some kind of modulation in their 
light curves during the observations. These stars have RECX 
numbers 6, 7, 10, 11, 12, and 15. In RECX 6 and RECX 11, 
the observed variations may be related to the decay of precedent 
flares. In particular, RECX 1 1 seems to show two flares during 
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Table 4. Best fit values of the spectral model parameters for the quiescent and the flare. Errors are 90% confidence level. X-ray 
luminosities and flare energies are unabsorbed values. We assumed a distance of 97 pc for all the stars. Fluxes, luminosities and 
energies were determined in the [0.3-8.0] energy band. 



Quiescent Flare 

Source N H Z kT l kT 2 EM,/EM 2 x\ l°gi-x kT a EMJEM a xl l°gi- x l°g£ x 

RECX (xlO 21 cm' 2 ) (Z ) (keV) (keV) (ergs' 1 ) (keV) (ergs' 1 ) (erg) 

4 0.13+°™ 0.29 + °™ 0.91 + ™ 0.99 1.10 29.8 2 - 21 toTs 011 107 299 >33 - 6 

6 0.0+g- 2 0.73+°°* ... ... 0.84 29.3 3 - 17 ^ 4 8 3 5 - 54 081 28 - 8 32 - 6 

8 0.3 + °{ 0-05 + °™ 0.74+jJ™ ... ... 1.09 29.7 !- 05 -o32 3 - 94 °- 75 29 - 2 33 - 6 

9 1.6+ ,} 0.13+°^ 1-24+gg ... ... 0.70 29.2 1M -oli 032 L08 29 - 8 >344 

11 (I s ' flare) 1.0+°-; O- 12 ^* °- 26 -oSl L2I -l!o6 L7() L1() 30 - 5 2A2 -ofs 6 09 115 29 - 8 33 - 8 

11 (2 nd flare) 1.0+°-; OA2 -om a26 -ooi 1 - 21 -oo6 170 110 3(X5 L49 -o35 3 - 76 ul 300 340 
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Fig. 3. Energy liberated during the flare in the [0.3-8.0] en- 
ergy band for the stars in our sample (large t riangles) and the 
stars of the XEST (plusses; lstelzer et al.ll2.Q07l) . Upward arrows 
denote lower limits. Filled triangles are stars with a disk in 77 
Cham aleontis. Stars classified as classical T Tauri in Giide l et al.l 
(2007) are marked with a large symbol (square or circle). 



the observing period. In the remaining stars, the variations may 
be related to rotational modulation. 

The particular cases of RECX 7 and RECX 10 are interesting 
since they show a decrease in count-rate during a short period of 
time (~3 and 1.5 hours respectively). This decrease could be re- 
lated to an occultation of the corona by a comp anion. Of them, 
RECX 7 is known to be a double -line binar y (Mamaje k et alj 
1 19991) with a period of 2.6 days (Lyoetal. 2003). Howev er, 
RECX 10 has none known companion (Guenther et al. 20Q3). 



4. Candidate cluster members in the field of view 

Because of the low flux limit of our observation, we expected 
to detect all the cluster members emitting in X-rays in the 
EPIC field of view ( see Se ction El). Based on optical photom- 
etry, iMamajek et ail d2000l) selected 50 candidates in the clus- 
ter core region. Later, lLawson et al ] (I2002h confirmed two low- 



mass stars inside the ROSAT field of view to be members of 
77 Chamaleontis using optical spectroscopy. They were not de- 
tected during the ROSAT observations. These two stars have 
RECX numbers 14 and 15 and have been both detected in our 
observation (see Section [2] and Table IA.U . The searching ra- 
dius for candidates has been increasing since then up to 5.5 
deg riLuhmanll2004t |Lvo et alJl2004t ISong et al.ll2004l: iLvo et al.l 
2006; Murph y et al.l l2010h . Six new members and 3 possible 
members have been identified at distances of between 1 and 6 
deg from the cluster core. Most of these surveys were centered 
on findin g very low mass stars and brown dwarfs cluster me m- 
bers (e.g. lLuhmanll2004tlLvo et al.ll2006tlMurphv et al.ll20Toh . 

We searched for intermediate-mass (late-F and G type stars) 
members of the rj Chamaleontis cluster that, eventually, would 
had gone unnoticed in low-mass and brown dwarfs surveys. 
Those stars should emit in X-rays with fluxes above our de- 
tection limit (fx ~ 1 — 3 X 10~ 15 ergcm _2 s _1 ; see Section|2]i. 
We first cross-correlated our X -ray sample with the 2MASS 
database ( Skrutskie et ail l2006h . A searching radius of 4 arc- 
sec was used to preve nt false positives in the identification. 
iDella Ceca et a D <l2004h estimated a positional error of the X- 
ray sources of the XMM-Newton Bright Serendipitous Survey 
of 6 arc sec. However, the mean distance between known mem- 
bers cluster and its X-ray counterpart in our observation is ~ 1.8 
arcsec with a maximum separation of 2.8 arcsec for RECX 11. 
A searching radius of 4 arcmin is a conservative value. 

The results of cross-correlating our X-ray sample and the 
2MASS database are shown in Fig. [4] Small dots in the figure are 
2MASS sources in the field of view of EPIC. Filled circles are 
the fourteen known cluster members in the same field of view. 
The twelve members detected in this observation are marked 
with a larger circle. Open circles are other X-ray sources in the 
field with a 2MASS counterpart. ZAMS and 8 Myr isochrone 
are also plotted. From these figures, only one of these other X- 
ray sources could be classified as possible member of the cluster. 
The star (2MASS J08483486-7853513)has near-infrared colors 
of an M4/6 dwarf, which would correspon d to a mass o f 0.10- 
0.13 M for a cluster member. However. lLawson et alJ (2002) 
already studied this star and found that it is likely a high-proper- 
motion dM5e foreground star at a distance of ~ 50 pc. The 
other three sources are background stars (see Fig.|4]and Table|5]l. 
Note that there is only one star in the field that could fulfill the 
requirement to be an intermediate-mass (FG-type star) cluster 
member in terms of near-infrared colors. This star is HD 76144. 
Nevertheless, the Hipparcos catalog gives a distance d = 140 pc, 
quite larger than the value estimated for the cluster members. 
The star is neither detected in the XMM-Newton observation with 
our detection procedure (see Section|2]). Therefore, we neglected 
also this star as a member of 77 Chamaleontis. 
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Fig. 4. 2MASS color-magnitude and color-color diagrams of the X-ray sources detected in the XMM-Newton image, plus 77 Cha. 
Filled circles are the known cluster members in the EPIC field of view. Those members detected in our observation are marked 
with a larger circle. Open circles are X-ray sources in our list of detections. Sm all dots are 2MA SS sources in the field of view. 
ZAMS and 8 Myr is ochrones are a combination of pre-main sequence models bv lSiess et al.1 d2000l) . for intermediate-mass stars and 
BarafjfeetaL|([l998), for low-mass stars. In the color-color diagram, we plot only the 8 Myr isochrone. 



Table 5. Other X-ray sources in the field with 2MASS counter- 
part non-members of r\ Chamaleontis. 



2MASS 


J 


H 




Note 




(mag) 


(mag) 


(mag) 




J08394669-7900026 


17.21 ± 0.22 


16.42 ± 0.22 


15.56 ±0.23 


Galaxy 


J08431595-7853422 


14.95 ± 0.03 


14.25 ±0.04 


14.00 ± 0.06 


M-type 


J08440921 -7906 156 


15.31 ±0.05 


14.53 ± 0.06 


14.41 ± 0.07 


K-M giant 


J08451844-7854426 


13.16 ±0.03 


12.69 ± 0.02 


12.63 ±0.03 


K-type 


J08483486-7853513 


12.22 ± 0.02 


11.69 ±0.03 


11.40 ±0.02 


dM5e* 



Notes. w Law son et al.l {2002) rejected th is star as a clus ter member 
and gave spectral type M5 with emission. iLuhmanl {2004) confirmed 
this result later. 



5. Notes on individual stars 

5.1. t] Cha (RECX 2) 

This star is the most mas sive cluster mem ber (spectral type B8). 
It was detected bv lMamaiek et al.l (I1999-I ) in a ROSAT-URl ob- 
servation. From the observed X-ray flux, they inferred an X-ray 
luminosity log Lx [erg crrT 2 s -1 ] =28.8 in the HRI energy band. 
Mamaie k et al.l d2000l) later suggested that 77 Cha is likely a bi- 
nary star, based on the obse rved variations in its radial velocity 
(Buscomb e & Morrislll96ll) . Therefore, they argued that the X- 
ray emissi on is likely to be produced in a low-mass secondary, 
for which iLvo et all d2004l) estimates a mass of 0.5 M Q using 
Lx - M relationships. 

77 Cha was not detected in our XMM-Newton observation. At 
our detection flux limit fx ~ 1 - 3 x 1CT 15 ergcirT 2 s _1 in the 
energy band [0.3-8.0] keV - which is traduced in a luminosity 
Lx ~ 2 x 10 27 ergs -1 at a distance of 100 pc- any low-mass 
companion should have been detected (although see Section l3~2l 
where we suggest that ET Cha has a quiescent X-ray emission 
lower than the detection limit). The lack of X-ray emission from 



this star during the entire exposure is not simply explained in 
terms of variability. A possible scenario would be one in which 
the primary (non-emitting) star would eclipse the X-ray emit- 
ter for long periods of time. Nevertheless, the fact that the X- 
ray emission would had gone unnoticed during this observation 
should not be discarded. Note that ES Cha (RECX 14), the mem- 
ber with the lowest mass in the field of view, was observed at the 
detection limit. A lower mass star (spectral type latter than M6) 
or even a brown dwarf may be part of this system. Any of these 
scenarios should be checked through a robust determination of 
the system orbital parameters. 

5.2. RSCha (RECX 8) 

RS Cha is a well-known Herbig Ae double-lined eclipsing binary 
with an orbital period P or b = 1 .67 days, located i n the instability 
strip dMarconi & Pallalll998l:lAlecian et alj|2005b . T he pulsating 
nature of both stars in the system was confirmed by Bohm et al. 
(120091 

Th e X-ray emission detected with ROSAT by Mamaiek et al.l 
(1999 ) has been suggested to come fr om a tertia ry companion 
(Mamaiek et al.ll2000t ILvo et al.l l2004). However. lAlecian et all 
(2005) found evidences that the time for the first conjunction of 
this system changes with time very rapidly, what is not expected 
for the presence of a third body in the system. Instead, the soft 
X-ray emission may come from the A-type sta rs themselves, es- 
pecia lly if they have disturbed atmospheres ( Gome zde Castrol 
120091) . But it has been shown that X-ray spectral properties of 
Herbig Ae/Be stars are similar to those observe d in late-type 
stellar com panions to other Herbig Ae/Be stars (e.g. lStelzer et al.l 
2006, 2009). In fact, the X-ray luminosity of RS Cha is similar 
to that observed for the early-type M members of the cluster (see 
Fig. [2). 
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Fig. 5. Evolution of the hardness-ratio of RS Cha with time. The 
soft (S) and hard (H) energy bands are defined in the ranges 
[0.3-0.8] and [2.0-7.5] keV, respectively. Each bin is 10 minutes 
long. 



In the XMM-Newton observation, RS Cha underwent a flare. 
This fact is confirmed by the temporal evolution of the spec- 
trum hardness-ratio (Fig. |5). Bes ides, from the ephem e ris for 
the primary minimum given bv IClausen & Nordstroml (l980) 
and the linear varia tion of this relation with time observed by 
lAlecian et al . (2005), we estimate the primary eclipse finished 
~ 2.3 hours after the beginning of the exposure, more than three 
hours before the flare occurred. Therefore, the shape of the light 
curve cannot be produced by an occultation of the X-ray emitter. 

The flare temperature determined from the X-ray spectrum is 
quite low and the amount of material involved in the flare event 
is not very large compared with the quiescent (see Table HJ. In 
this sense, the event detected in RS Cha is not very different 
from those observed in late-type cluster members as EP Cha 
(RECX 11). 



5.3. EM Cha and EO Cha (RECX 7 and RECX 10) 

During the observation, both stars presented a decrease of their 
count-rate by a factor of ~ 1.5 during 3 and 1.5 hours, re- 
spectively, in a way that resembles the occultation of part of 
the stellar corona by a companion (see Fig. IA.2I ). EM Cha is 
know n to be a binary star with a mass ratio of approximately 
2.3:1 dLvo et alj|2004l) . Following the results of Section[3PTJ the 
low-mass companion may have an X-ray luminosity of 0.5-1 
orders of magnitude lower than the primary (see Fig. [2j. The 
occultation of part of the corona of the primary star by the sec- 
ondary would produce a decrease of the observed total flux (i.e. 
of the obse rved count-rate). EO Cha, however, s hows none sign 
of binarity dGuenfher et al.l2007l:lLvo et al.l2004 . Therefore, the 
eclipse scenario does not seem probable for EO Cha. 

The observed light curves may also be explained, in both 
cases, by the occultation of an active region behind the visible 
stellar hemisphere due to stellar rotation. In fact, the count-rate 
of EO Cha increased during approximately 2.5 hours before the 
rapid decrease during 1.5 hours at the middle of the exposure. 
This fact may be interpreted as the occultation of an active region 
by the star's disk. Nevertheless, with the available data, none of 
these two scenarios can be discarded. 



5.4. EN Cha (RECX 9) 

EN Cha is a classical T Tauri, binary system 
dKohler & Petr-Gotzensl 120021: ISicilia-Aguilar et alJ [2 009) 
formed by two nearl y identical M-type stars (Mamaie k et al.l 
120001: iLvo et~aTll2004l) . During the ROSAT observation, this star 
was marginally detected above the background level, with an 
X-ray luminosity logLx[ergcm~ 2 s -1 ] = 28.5 (Mamaiek et al. 



2000). During the XMM-Newton observation, the star showed 
a luminosity one order of magnitude higher than during the 
ROSAT observation. 

From the light curve and coronal parameters obtained from 
the plasma model fitting (Fig. IA.21 and Table |3), it seems clear 
that EN Cha underwent a flare during the XMM-Newton obser- 
vation. 

6. Summary and conclusions 

In this paper we presented a detailed study of the X-ray emis- 
sion properties of the 77 Chamaleontis cluster members, based on 
a deep XMM-Newton observation toward the cluster core. This 
study is complete in terms of cluster members. We detected all 
the (X-ray emitter) members of rj Chamaleontis down to the sub- 
stellar mass limit. We determined X-ray luminosities, coronal 
temperatures, abundances and column densities from hot plasma 
model-fitting. We also studied the variability of the sources. 

The comparison between the X-ray luminositi e s deri ved in 
this work and those obtained by iMamaiek et al.l yOOO) have 
shown that their values are overestimated by a factor of 2, on 
average. The coronal properties determined for cluster members 
are typical of highly active stars. Multi-temperature models with 
at least two components were needed in the model-fitting. In 
the cases in which flare-like events were detected, a third hot- 
ter component was necessary to account for the enhancement of 
hard X-ray emission. In general, the stars that underwent a flare 
during our observations showed enhanced pseudo-quiescent X- 
ray luminosities with respect to members with similar spectral 
type that showed no flares. Six flares were detected in five of the 
cluster members, with energies that are typical of pre-main- and 
main-sequence M stars. For these stars, coronal properties and 
X-ray luminosities were determined for the flare and the pseudo- 
quiescent states. 

From the comparison of the X-ray luminosity of cluster 
members in different environments: the presence or not of a pro- 
toplanetary disk in different evolutionary stages and binarity, we 
concluded that the only parameter that seems to influence the 
overall X-ray emission of the stars in 77 Chamaleontis is the spec- 
tral type. A similar conclusion may be extracted for the flare 
energies, although the sample of flare-like events during our ob- 
servations is too poor to achieve a robust conclusion. 

To complete our study, we searched for other cluster mem- 
bers in the field-of-view that could had gone unnoticed in pre- 
vious surveys. We found five candidates, but discarded them as 
cluster members after a detailed study of their optical spectro- 
scopic properties. 
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J. Lopez-Santiago et al.: Deep XMM-Newton observation of the Eta Chamaleontis cluster 
Table A.l. Sources detected in the 0.3-7.5 keV energy band using PWDetect with detection threshold SNR = 5. 



Src# 


Right Ascension 


Declination 


Significance 


Count-rate 


Observed flux* 


Notes 




(h m s) 


(° ' ") 




(Xl0~ 3 s- 1 ) 


(Xl0- 13 ergcirT 2 s' 1 ) 




1 


08 45 33.9 


-79 13 33.5 


6.0 


1.3 ±0.7 


0.09 ± 0.05 




2 


08 42 42.8 


-79 10 59.3 


5.8 


1.9 ±0.3 


0.14 ±0.03 




3 


08 44 07.3 


-79 10 13.1 


6.1 


1.1 ± 0.2 


0.08 ± 0.02 




4 


08 43 19.7 


-79 09 50.1 


6.6 


0.9 ± 0.2 


0.07 ± 0.02 




5 


08 40 53.4 


-79 09 03.9 


6.5 


3.8 ±0.4 


0.29 ± 0.05 




6 


08 45 42.3 


-79 07 11.7 


7.0 


0.6 ±0.1 


0.04 ± 0.01 




7 


08 44 9.4 


-79 06 17.8 


5.9 


0.6 ±0.1 


0.04 ± 0.01 


2MASS J08440921-7906156, field giant 


8 


08 42 10.8 


-79 06 02.3 


5.8 


0.3 ±0.1 


0.02 ± 0.01 




9 


08 43 18.4 


-79 05 20.2 


14.0 


1.4 ±0.2 


0.10 ±0.02 


RECX 15 


10 


08 41 30.5 


-79 05 02.9 


8.1 


0.7 ± 0.2 


0.05 ± 0.01 




11 


08 49 20.9 


-79 04 50.9 


5.6 


1.0 ±0.6 


0.08 ± 0.05 




12 


08 43 07.7 


-79 04 53.9 


244.9 


131.9 ± 1.6 


9.86 ± 1.32 


RECX7 


13 


08 42 49.6 


-79 04 31.4 


5.3 


0.5 ±0.1 


0.03 ± 0.01 




14 


08 43 12.5 


-79 04 13.3 


140.1 


45.7 ± 1.0 


3.41 ± 0.46 


RECX 8 


15 


08 43 18.0 


-79 04 10.6 


5.7 


0.3 ± 0.2 


0.02 ± 0.02 




16 


08 42 24.2 


-79 04 04.6 


170.4 


67.3 ± 1.2 


5.03 ± 0.68 


RECX 4 


17 


08 47 15.0 


-79 03 55.0 


6.1 


1.5 ±0.2 


0.12 ±0.02 




18 


08 41 37.2 


-79 03 31.3 


43.2 


10.3 ±0.5 


0.77 ±0.11 


RECX 3 


19 


08 45 50.4 


-79 02 58.0 


7.2 


0.5 ±0.1 


0.04 ± 0.01 




20 


08 45 47.8 


-79 02 38.4 


6.1 


0.2 ±0.1 


0.02 ± 0.01 




21 


08 45 13.8 


-79 02 37.2 


9.9 


0.8 ±0.1 


0.06 ± 0.01 




22 


08 41 22.7 


-79 02 33.0 


6.9 


0.9 ± 0.2 


0.07 ± 0.02 




23 


08 43 31.6 


-79 02 08.3 


14.0 


1.0 ±0.1 


0.08 ± 0.01 




24 


08 48 10.6 


-79 01 05.9 


8.7 


1.5 ± 0.2 


0.11 ±0.02 




25 


08 41 39.9 


-79 00 55.7 


5.5 


0.2 ±0.1 


0.01 ±0.01 




26 


08 40 32.8 


-79 00 45.8 


5.7 


0.7 ±0.1 


0.05 ± 0.01 




27 


08 46 55.5 


-79 00 17.7 


5.1 


0.3 ±0.1 


0.02 ± 0.01 




28 


08 40 24.1 


-79 00 12.0 


5.7 


0.6 ±0.1 


0.05 ± 0.01 




29 


08 47 01.8 


-79 00 11.4 


5.8 


0.4 ±0.1 


0.03 ± 0.01 




30 


08 39 47.2 


-79 00 04.6 


11.2 


2.0 ± 0.2 


0.15 ±0.03 


2MASS J08394669-7900026, AGN 


31 


08 45 05.3 


-79 00 09.3 


16.9 


1.3 ±0.1 


0.10 ±0.02 




32 


08 46 02.6 


-79 00 01.0 


7.7 


0.6 ±0.1 


0.05 ± 0.01 




33 


08 46 20.8 


-78 59 58.2 


6.0 


0.5 ± 0.2 


0.04 ± 0.02 




34 


08 47 02.4 


-78 59 36.5 


320.1 


251.6 ±2.0 


18.81 ±2.51 


RECX 11 


35 


08 41 36.3 


-78 59 34.3 


6.5 


0.6 ±0.1 


0.04 ± 0.01 




36 


08 43 20.7 


-78 59 34.9 


13.7 


0.7 ±0.1 


0.05 ± 0.01 




37 


08 44 17.1 


-78 59 10.0 


149.4 


31.1 ±0.5 


2.33 ±0.31 


RECX 9 


38 


08 46 56.9 


-78 58 55.5 


5.8 


0.4 ±0.1 


0.03 ± 0.01 




39 


08 40 29.4 


-78 58 41.0 


15.4 


2.9 ±0.3 


0.21 ± 0.04 




40 


08 41 38.3 


-78 58 41.3 


32.2 


5.3 ±0.3 


0.40 ± 0.06 




41 


08 44 54.4 


-78 58 38.6 


12.1 


0.6 ±0.1 


0.05 ± 0.01 




42 


08 40 34.5 


-78 58 31.4 


10.6 


1.0 ±0.2 


0.08 ± 0.02 




43 


08 43 36.7 


-78 58 29.4 


6.9 


0.3 ±0.1 


0.02 ± 0.01 




44 


08 44 25.5 


-78 58 18.9 


14.5 


1.1 ±0.1 


0.08 ± 0.01 




45 


08 44 06.7 


-78 57 53.4 


21.2 


3.1 ±0.2 


0.23 ± 0.03 




46 


08 42 27.6 


-78 57 49.5 


58.7 


8.3 ± 0.3 


0.62 ± 0.09 


RECX 5 


47 


08 43 24.5 


-78 56 46.1 


15.8 


1.0 ±0.1 


0.07 ± 0.01 




48 


08 43 36.1 


-78 56 32.7 


5.4 


0.1 ±0.0 


0.01 ± 0.00 




49 


08 41 09.0 


-78 56 01.0 


7.8 


0.8 ±0.1 


0.06 ± 0.01 




50 


08 49 01.1 


-78 55 52.3 


22.3 


8.2 ± 1.3 


0.62 ±0.13 




51 


08 44 42.3 


-78 55 51.2 


7.9 


0.6 ±0.1 


0.04 ± 0.01 




52 


08 43 39.0 


-78 55 41.4 


23.6 


2.1 ±0.2 


0.16 ±0.02 




53 


08 45 36.0 


-78 55 35.8 


6.2 


0.6 ±0.1 


0.05 ± 0.01 




54 


08 48 01.1 


-78 55 20.0 


7.8 


0.9 ± 0.2 


0.07 ± 0.02 




55 


08 47 57.4 


-78 54 52.9 


128.4 


167.2 ± 1.7 


12.50 ± 1.67 


RECX 12 


56 


08 48 35.9 


-78 54 50.0 


10.7 


2.3 ±0.3 


0.17 ±0.03 




57 


08 41 20.2 


-78 54 49.4 


7.9 


1.6 ± 0.1 


0.12 ±0.02 




58 


08 40 20.3 


-78 54 42.3 


11.1 


3.6 ±0.3 


0.27 ± 0.04 




59 


08 42 39.3 


-78 54 43.7 


116.1 


27.0 ± 0.6 


2.02 ± 0.27 


RECX 6 


60 


08 45 19.6 


-78 54 43.8 


10.7 


0.9 ± 0.2 


0.07 ± 0.02 




61 


08 45 01.9 


-78 54 40.4 


1 1.9 


1.0 ±0.1 


0.08 ± 0.01 




62 


08 47 52.2 


-78 54 16.4 


6.2 


0.5 ±0.1 


0.03 ± 0.01 




63 


08 43 13.7 


-78 54 14.5 


6.5 


0.5 ±0.1 


0.04 ± 0.01 




64 


08 44 29.9 


-78 54 03.5 


5.3 


0.2 ± 0.0 


0.01 ± 0.00 




65 


08 48 35.4 


-78 53 48.4 


5.9 


1.6 ±0.4 


0.12 ±0.04 


2MASS 108483486-7853513, field dM5e 


66 


08 43 16.6 


-78 53 44.1 


7.6 


0.5 ±0.1 


0.03 ± 0.01 


2MASS 108431595-7853422, field M 


67 


08 43 33.4 


-78 53 24.0 


24.2 


2.6 ± 0.2 


0.19 ± 0.03 




68 


08 39 47.4 


-78 53 01.4 


36.2 


22.5 ± 11.3 


1.68 ± 0.88 




69 


08 41 29.9 


-78 53 05.2 


5.1 


0.6 ±0.1 


0.04 ± 0.01 


RECX 14 


70 


08 45 08.9 


-78 53 03.5 


5.7 


0.2 ±0.1 


0.02 ± 0.00 




71 


08 45 39.8 


-78 52 58.3 


8.4 


1.1 ± 0.2 


0.08 ± 0.02 




72 


08 41 43.0 


-78 52 42.9 


12.5 


1.4 ±0.2 


0.11 ±0.02 




73 


08 41 26.1 


-78 52 16.5 


11.5 


1.2 ±0.2 


0.09 ± 0.02 




74 


08 47 39.1 


-78 50 36.0 


6.8 


1.2 ±0.2 


0.09 ± 0.02 




75 


08 47 52.1 


-78 50 10.4 


8.2 


0.8 ± 0.2 


0.06 ± 0.01 




76 


08 45 18.5 


-78 49 40.9 


5.7 


0.9 ± 0.2 


0.07 ± 0.02 




77 


08 44 54.2 


-78 48 36.9 


9.9 


1.1 ± 0.2 


0.08 ± 0.02 




78 


08 45 04.5 


-78 48 28.3 


14.4 


3.1 ±0.3 


0.23 ± 0.04 




79 


08 43 37.7 


-78 48 25.5 


8.0 


0.8 ± 0.2 


0.06 ± 0.01 




80 


08 44 59.8 


-78 48 15.8 


1 1.7 


2.1 ±0.3 


0.16 ±0.03 




81 


08 43 32.2 


-78 48 13.4 


10.6 


0.9 ± 0.2 


0.07 ± 0.01 




82 


08 45 53.2 


-78 47 59.2 


7.4 


2.3 ±0.3 


0.17 ±0.03 




83 


08 46 14.0 


-78 47 39.0 


5.4 


1.0 ±0.2 


0.07 ± 0.02 




84 


08 45 23.7 


-78 47 23.8 


1 1.3 


2.6 ±0.3 


0.19 ±0.03 




85 


08 44 32.2 


-78 46 31.7 


88.5 


41.3 ± 1.4 


3.09 ± 0.42 


RECX 10 


86 


08 45 27.8 


-78 45 45.4 


5.7 


1.0 ±0.2 


0.07 ± 0.02 





10 

Notes. w Observed fluxes determined using the conversion factor CF = 1.5 ± 0.2 x 10 9 ergph . Fluxes from the spectral fitting for the known 
cluster members are given in Table[2] 
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J. Lopez-Santiago et al.: Deep XMM-Newton observation of the Eta Chamaleontis cluster 




Fig. A.2. X-ray light curves in the energy band 0.3-8.0 keV for known members of rj Chamaleontis. Time binning ranges from 15 
to 30 minutes. 
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